are released from the complex only after binding to TFC-B and TFC-A, respectively [7, 8] . But binary complexes between tubulin and tubulin folding cofactors do not yield polymerization-competent subunits.
Biochemical analyses of the tubulin folding pathway identified three additional proteins that are required for the synthesis of polymerization-competent tubulin subunits. TFC-D binds tightly to β β tubulin and displaces TFC-A. The subsequent association of the β β tubulin-TFC-D complex with TFC-C/TFC-E leads to the release of polymerization competent β β tubulin [7] . Subsequently Cowan's group [8] showed that α α tubulin is recruited to the tubulin folding cofactor complex via sequential interactions with TFC-B and TFC-E. A model was derived in which α α and β β tubulin folding pathways converge with the formation of a multimeric complex consisting of β β tubulin-TFC-D, α α tubulin-TFC-E and TFC-C, through which subunit association and dimer release occur (Figure 1) . Tian et al. [8] showed that TFC-D has potent dimer-splitting activity and the proposed folding reactions are reversible, but the in vivo importance of the tubulin folding cofactor-mediated back-reaction is not known.
Yeast tubulin folding cofactor genes were identified in mutant screens for cells that were compromised in microtubule-dependent functions. In the budding yeast, Saccharomyces cerevisiae, tubulin folding cofactor genes are not essential, but their mutations confer an increased frequency of chromosome loss and hypersensitivity to microtubule-disrupting drugs, and show genetic interactions with tubulin mutations [9, 10] . Consistent with the notion that tubulin folding cofactors function in a common pathway, double and triple combinations of mutation affecting tubulin folding cofactors did not cause more severe phenotypes [10] . The fission yeast Schizosaccharomyces pombe has more constrained requirements for microtubules during development; this may explain why tubulin folding cofactor mutations in this species are lethal and cause severe cell shape and polarity defects. Although tubulin folding cofactor mutants in both yeast species display an altered microtubule cytoskeleton, the defects are not clearly attributable to decreases in the steady state levels of α α or β β tubulin [11, 12] If the function of TFC-A factors is to promote β β tubulin synthesis, it is surprising that overproduction of α α tubulin, but not β β tubulin, is sufficient to bypass the requirement for KIS A [4] . Perhaps the kis A phenotype is due to the presence of toxic levels of free β β tubulin [19] , and excess α α tubulin relieves the toxicity via dimer formation. In wild-type trichomes, the microtubule cytoskeleton reorients from a transverse to parallel orientation with respect to the elongating branches. In por C and kis A plants trichome branches display an extensive microtubule cytoskeleton, but the orientation remains fixed in the transverse direction.
It is not clear exactly how defects in tubulin folding cofactors affect microtubule function. Plant microtubules display a higher degree of dynamic instability than animal microtubules [20] 
